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Abstract:  The  dyeing  of  knitted  fabrics  made  from  100  %  cellulose  using  on-line  procedure  vinyl  sulfonic 
reactive dye, with or without ultrasound energy, is carried out in this paper. The impact of temperature has been 
observed. The dye exhaustion is monitored using the method of absorption spectrophotometry, and the quality 
control of the colorations is monitored using colour measurements. The acting of ultrasound on colouration 
consistency,  as  well  as  on  some  mechanical  characteristics  has  also  been  examined.  All  examples  of  the 
ultrasound  dyeing  process  show  greater  dye  exhaustion  in  comparison  to  the  conventional  procedure.  In 
addition, all the samples, which have been dyed with the ultrasound energy at 40°C, are significantly darker and 
have deeper colour in comparison with the referent sample. The temperature has a great influence on kinetic 
energy of the dye molecules, and therefore on the diffusion processes in the dyeing system. The exhaustion chart 
indicates that when the temperature is lower the exhaustion degree drops. However, all the samples dyed with 
the ultrasound energy have bigger exhaustion. Besides that, ultrasound energy contributes to warming up the 
processing environment, so the additional warm up with the electricity is unnecessary, unlike the conventional 
way of dyeing. Since the reactive dyes chemically connect themselves with the cellulose substrate and in that way 
form covalent connection, the dyed fabrics have good washing consistency. Analysis results indicate that the 
consistencies are identical regardless the applied dyeing procedure. In other words, the dyeing method using the 
ultrasound energy produces the dyed fabric of the same quality. After analyzing the results of breaking force and 
elongation at break of knitted fabrics, it is noticeable that there is no degradation of previously mentioned 
knitted fabrics features (horizontally and vertically) during the ultrasound wave’s activity. 
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1.  INTRODUCTION  
 
  The dyeing processes use the great amount of water as well as a lot of electricity and heat 
energy. It also require the appliance of chemicals as aids to speed up or slow down the diffusion 
processes which contribute to mass transfer from liquid environment towards the surface of the textile 
materials in reasonable amount of time. This mass transfer process, as well as the other chemical 
processes, is time and temperature dependent, and the production quality is gained by compromising 
these two factors [1-3].  
  Numerous non-traditional techniques that use operating frequencies, microwaves and infrared 
radiation have indicated the possibility to cut the processing time short and to decrease the energy 
consumption,  and  they  have  contributed  in  production  quality  improvement.  In  this  respect,  the 
ultrasound energy was especially interesting for textile processes. The idea to use ultrasound in textile 
processes  is  not  new  and  it  includes  significant  area  in  literature  regarding  improvement  and   58 
acceleration  of  numerous  textile-wet  processes.  The  appliance  of  ultrasound  for  obtaining  steady 
dispersions and cleaning of the materials and machine parts is particularly distinguished [4-7].  
  The goal of this paper is to apply ultrasound energy in dyeing process of cotton fabrics using 
vinyl sulfonic reactive dyes, as a way to improve the dyeing process. The knitted fabrics made of 
micro  fibres  is  dyed  with  reactive  dye  of  vinyl  sulfonic  type,  with  or  without  the  influence  of 
ultrasound oscillations, in order to show that the energy and time are saved by using the ultrasound, 
the chemicals are less used, dyeing is more profound, and processing conditions are better which is in 
accordance with the world tendency to preserve the environment.  
 
  2. EXPERIMENTAL PART 
 
    2.1 Used materials  
  Knitted fabrics made of micro cellulose with the following features is used: production form 
Nm 50/1, interlock weave, surface mass 220 g/m
2, degree of whiteness 85, for Berger criteria.  
  Dyeing process is done using the dye of vinyl sulfonic type C.I. Reactive blue 19.  
 
2.2. Methodology 
  The previous processing of knitted fabrics that is, processing before dyeing is showed in Table 
1.  
 
Table 1: Methods previous processing of knitted fabrics 
1 g/l Hostapol CV (detergent) 
3 g/l Na2CO3  40°C, 30 min 
Hot rinse   80°C, 20 min 
Cold rinse  20°C, 10 min 
Neutralizing (0,5 g/l CH3COOH)  20°C, 15 min 
Cold rinse  20°C, 10 min 
1 g/l Hostapol CV (detergent ) 
3 g/l Na2CO3  40°C, 30 min 
 
  Dyeing is carried out in the following conditions: concentration of a dye 3 %, isothermal 
dyeing at 40, 50 and 60°C, 80 g/l NaCl and 5 g/l Na2CO3 (the dye and chemicals are added at the 
beginning  of  the  process),  the  scale  of  the  bathroom  for  dyeing  R  30:1,  mechanical  mixing  (for 
conventional  dyeing  process  but  not  for  ultrasound  treatment),  dyeing  process  time  100  and  80 
minutes. The dyed samples have been washed at the end: 10 minutes at 30°C, 10 minutes at 70°C and 
10 minutes at 100°C with 2 g/l Hostapol CV – non-ionic washing powder, the scale of the bathroom 
for dyeing R=30:1.  
  Ultrasounds waves, which have been derived by using ultrasound bath Sonic, Serbia, have 
been used for dyeing process. Ultrasound exciters are attached at the bottom of the bath, the frequency 
of the received ultrasound oscillations is 40 kHz, and the used power is 150 W. 
 
  2.3. Analyzing methods 
   The degree of dye exhaustion analysis 
The  exhaustion  degree  was  determined  by  spectrophotometric  sampling  in  certain  moments  and 
measured on UV-VIS spectroscope, Spekol MA-9525, at wavelength of the dye solution absorption 
maximum  (650 nm).  The degree  is  expressed in  %, and  it is calculated  based  on the absorbance 
difference at the beginning and absorbance in time t, with respect to starting absorbance.  
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−
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                      (1) 
 
A0 – absorbance at the beginning (dyeing process time t=0 min) 
A – absorbance in time t. 
 
   Analysis of reflective knitted fabrics features, spectrophotometer Upgrade Colour Eye 3000 
(ICS-Texicon) is used as measuring instrument, PC with software package Super Match 6 
intended for data processing.  
   Analysis of colour consistency while washing at 40°C, by standard SRPS F.S3.216.  
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   Measurement of the mechanical properties of the knitted fabrics, according to standard SRPS 
ISO 5081. 
 
  3. RESULTS AND DISCUSSION 
 
  In  the  reactive  dye  system  –  cellulose,  electrolyte  is  added  in  order  to  encourage  dye 
exhaustion form the bathroom. The amount of the required amount of salt depends upon the dye 
concentration. According to dye manufacturer suggestion, it is necessary to add 80 g/l salt for the dye 
concentration of 3 %. According to the results (Figs. from 1 to 3), in comparison with conventional 
procedure, the alternative procedure with the appliance of ultrasound energy produces greater dye 
exhaustion. All examples of the ultrasound dyeing process show greater dye exhaustion in comparison 
to the conventional procedure.  
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Fig. 1: Dye exhaustion curve at isothermal dyeing at 60°C 
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Fig. 2: Dye exhaustion curve as isothermal dyeing at 50°C 
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Fig. 3: Dye exhaustion curve at isothermal dyeing at 40°C 
 
  The registered differences in colour (Table 2) in the first case (60°C) are ∆E=4,4 (CIELab76) 
and ∆E=1,9 (CMC (2:1)), in the second case (50°C) are ∆E=4,7 (CIELab76) i ∆E=2,0 (CMC (2:1)), 
while in the third case, (40°C) are ∆E=5,1 (CIELab76) i ∆E=3,0 (CMC (2:1)), when observed at the 
light D65. The registered tolerance of 1.9 over 2.0 to 3.0 can be detected with the naked eye regarding 
the tolerance boundaries criteria CMC (2:1) which are less than 1.4. All test samples were darker than 
standard samples.  
  The results are similar at all temperatures. All the samples which have been dyed with the 
ultrasound energy at 40°C are significantly darker and have deeper colour in comparison with the 
referent sample.  
 
Table 2: Colour differences according to CIELab76 and CMC (2:1) criteria  
for standard sample dyed at a different temperatures 
Dye: c = 3,0 %, T = 60°C 
Standard:     Without using ultrasound 
Test 1:          Using ultrasound 
Differences in color CELAB 76  CMC (2:1)  good<1.4< blunder  Illuminant 
DE
*  DL
*  Da
*  Db
*  DE
*  DL
*  DC
*  DH
* 
D65-10 
A -10 
TL84-10 
4.4 
5.7 
4.9 
3.3 darker 
3.8 darker 
3.7 darker 
1.9 
3.3 
1.7 
2.1 
2.8 
2.7 
1.9 
2.4 
2.1 
1.4 darker 
1.6 darker 
1.6 darker 
1.4 more turbid 
1.7 more turbid 
1.3 more turbid 
0.3 redder 
0.3 redder 
0.6 redder 
Dye: c = 3,0 %, T = 50°C 
Standard:      Without using ultrasound 
Test 1:           Using ultrasound 
Differences in color CELAB 76  CMC (2:1)  good<1.4< blunder  Illuminant 
DE
*  DL
*  DE
*  DL
*  DE
*  DL
*  DE
*  DL
* 
D65-10 
A -10 
TL84-10 
4.7 
6.3 
5.2 
3.3 darker 
3.7 darker 
3.7 darker 
2.1 
3.8 
1.9 
2.6 
3.5 
3.3 
2.0 
2.6 
2.3 
1.4 darker 
1.7 darker 
1.6 darker 
1.4 more turbid 
1.7 more turbid 
1.5 more turbid 
0.3 redder 
0.2 redder 
0.6 redder 
Dye: c = 3,0 %, T = 40°C 
Standard:      Without using ultrasound 
Test 1:           Using ultrasound 
Differences in color CELAB 76  CMC (2:1)  good <1.4< blunder  Illuminant 
DE
*  DL
*  DE
*  DL
*  DE
*  DL
*  DE
*  DL
* 
D65-10 
A -10 
TL84-10 
5.1 
4.6 
5.4 
4.2 darker 
4.1 darker 
4.2 darker 
2.7 
2.1 
2.7 
-1.1 
-1.0 
-1.2 
3.0 
2.8 
3.1 
2.2 darker 
2.4 darker 
2.5 darker 
0.5 stronger 
0.2 stronger 
0.5 stronger 
1.8 redder 
1.4 redder 
1.6 redder 
 
  The temperature has a great influence on kinetic energy of the dye molecules, and therefore on 
the diffusion processes in the dyeing system. The exhaustion chart indicates that when the temperature 
is lower the exhaustion degree drops (Fig. 4). However, all the samples dyed with the ultrasound 
energy  have  bigger  exhaustion.  Besides  that,  ultrasound  energy  contributes  to  warming  up  the 
processing environment, so the  additional warm up with the electricity is unnecessary, unlike the 
conventional way of dyeing.  
  
ANNALS OF THE UNIVERSITY OF ORADEA 
FASCICLE OF TEXTILES, LEATHERWORK 
 
  61 
0 20 40 60 80 100
-10
0
10
20
30
40
50
60
70
 60
oC, Without ultrasonic
 50
oC, Without ultrasonic
 40
oC, Without ultrasonic
 60
oC, With ultrasonic
 50
oC, With ultrasonic
 40
oC, With ultrasonic
E
x
h
a
u
s
t
i
o
n
,
 
%
Time, min  
Fig. 4: Dye exhaustion curve at different temperatures 
 
  The  consistency  in  washing  of  all  dyed  samples  has  been  examined  (under  different 
temperatures). The overall evaluation of the washing  consistency regarding the  applied method is 
given in table 3.  
  Since the reactive dyes chemically connect themselves with the cellulose substrate and in that 
way  form  covalent  connection,  the  dyed  fabrics  have  good  washing  consistency.  Analysis  results 
showed in table 4, indicate that the consistencies are identical regardless the applied dyeing procedure. 
In other words, the dyeing method using the ultrasound energy produces the dyed fabric of the same 
quality.  
 
Table 3: Resistance to washing dyed of samples, depending on the dyeing methods 
Number of measurements  Procedure 
1  2  3 
Without using ultrasound  4  4-5  4 
Using ultrasound  4  4-5  5 
 
  Mechanical features of the textile materials are very important and especially breaking force 
and elongation at break. They define the quality and applied value of the future textile product. It is 
usually  required  improved  mechanical  features,  primarily  more  favourable  breaking  force  and 
elongation at break. It is a fact that the wet chemical processing using the agents such as dyeing can 
have negative effect, especially on the sensitive fabrics surface layers, which finally reflects as smaller 
resistance to activity of external forces.  
  The results of breaking force and elongation at break of knitted fabrics are showed in table 4, 
according to different types of processing. After analyzing the data, it is noticeable that there is no 
degradation of previously mentioned knitted fabrics features (horizontally and vertically) during the 
ultrasound wave’s activity.  
 
Table 4: The mechanical properties of knitted fabric according to the way of processing 
Non-coloured sample 
Coloured samples 
90 min, 60°C 
Coloured samples 
90 min, 60°C + ultrasound 
Investigated  
the properties  
Horizontal  Vertical  Horizontal  Vertical  Horizontal  Vertical 
Breaking force (N)  138  115  140  113  135  117 
Elongation at break (%)  95  101  90  102  97  99 
SD (N)  0,9  1,5  1,6  2,6  2,6  2,1 
CV (%)  1,4  4,8  4,2  8,5  5,1  6,2 
 
  4. CONCLUSION 
 
  This  study  focused  on  the  colours  of  cellulose  fabrics,  dyed  both  conventionally  and 
ultrasonically using a blue reactive dyes, in terms of exhaustion rate, some mechanical properties, 
stability and colour values differences in CIELab colour space.   62 
  Using the ultrasound waves in the dyeing process of the textile substrate – knitted fabrics 
made from cellulose, using vinyl sulfonic reactive dye has the following advantages: 
   Energy saving when dyeing on low temperatures (cavitation effects contribute the reactive 
medium warming up) and shorter dyeing process time. 
   Preserving the environment when decreasing the usage of chemicals and better usage of a dye. 
   Consistency of dyed fabrics is equally good no matter which dyeing process is applied. 
   Ultrasound waves do not influence on degradation of the fabrics breaking force and elongation 
at break.  
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